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Abstract
Water absorption restrains the mechanical performance of natural fibre reinforced matrix polymer. This paper aims to investigate
the influence of water absorption on the different types of natural woven fibre reinforced with polyester resin. The water
absorption and thickness swelling study were performed by an immersed composite sample in the distilled water for 30 days.
The mechanical performance testing such as tensile testing, flexural and impact was performed on the single and hybrid
composite. Based on the results obtained, water absorption of the single type and hybrid composite sample yield about 3–6%.
Furthermore, the effect of thickness of swelling is at a minimum. The result of the tensile properties reveals that the layering size
has more influence than the layering sequences. The flexural properties are likely to be affected by the type of fabric fabricated on
the top. The results of the Charpy impact test show that there is possibly less variation for the value regardless of the layering
sequence and the layering size. The water absorption drops the tensile strength about 12–27% and tensile modulus for 15–35% on
the 30th day. The result shows that the resistance toward water absorption improved significantly toward hybridisation.
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1 Introduction

The natural fibre is attractive among the researcher because of
its properties of being biodegradable, recyclable, non-toxic,
low cost, low density and possessed considerable mechanical

strength properties [1–5]. As discussed in the literature, natu-
ral fibre reinforced polymer composite is expected to generate
a total of 2.1 billion dollars in the year 2010 and is expected to
continue growing by 10% until it reaches about 8.77 billion in
2025 [6]. The uses of natural fibre composite experienced a
constant growth rate of 13% for the past ten years, and the
demand is expected to keep increasing [7]. The applications of
natural fibre are wide, which consist of automotive, construc-
tion, furniture, aerospace and marine industries [8–10].

Nevertheless, demand for natural fibre is high, especially in
the application of automotive manufacturing and structural
applications. Worldwide recognised automotive manufactur-
ing companies such as German carmaker BMW Group
utilised any types of the natural fibre composite in their pro-
duction [6]. It was shown that BMW Group used a tremen-
dous amount of natural fibre, approximately 10,000 tons to be
exact in the year 2004 [7]. Most of these natural fibre com-
posite will be utilised to produce vehicle components like door
panels, noise insulation panels and headliner panel [6, 11].

However, the drawback of using natural fibre as reinforce-
ment in polymer composite as the outdoor application is due
to its low resistance to water absorption. As defined by the
researcher, water absorption is a diffusion process in which the
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water molecule transited through the material due to arbitrary
molecule movement [12]. Typically, the water penetrates the
composite through three (3) mechanism which involves diffu-
sion of water molecules, capillary transport from the micro
gaps between the polymer composite surface and the transport
of microcracks in the matrix ascending from the swelling of
the fibre [13]. The water absorption tends to produce a nega-
tive effect such as poor dimensional stability, micro-cracking
and degradation of mechanical properties [14].

The behaviour of the water absorption on the mechanical
properties of the natural woven fabric has been studied in
previous research works [15, 16]. From previous works, nu-
merous types of matrix polymers and types of woven fabric
were utilised. Gupta and Srivastava [15] conducted a study of
water absorption on the hybrid of jute-sisal, which was rein-
forced with epoxy resin. They found that the water absorption
decreased with the implementation of the hybridisation.
Further improvement of water absorption was obtained
through the utilisation of alkaline treatment. Misnon et al.
[16] conducted an experiment of water absorption on the
hemp woven reinforced with vinyl ester. From all of the stud-
ies, it could be concluded that factors that contribute to water
absorption of the composite are temperature, fibre volume or
weight fraction, void, fibre orientation, interfacial bonding,
diffusivity, fibre type and the area of exposed surfaces
[17–19]. Mariatti et al. [20] suggested that the water absorp-
tion of one composite was significantly affected by the poor
adhesion and void content. Nevertheless, the behaviour of
woven jute hybrid reinforced composite when exposed to ex-
cessive moisture condition is still unknown and limited from
previous literature.

This paper focuses on the study of water absorption of
woven fabric of jute, ramie and roselle, which is reinforced
with unsaturated polyester (UPE) composite while consider-
ing the difference of the layering size and sequence. Further
analysis of the water absorption of the water composite was
performed by determining the rate of diffusion coefficient,
sorption coefficient and permeability coefficient. Themechan-
ical properties (tensile, flexural and impact) of single and hy-
brid jute, ramie and roselle were also examined. Also, the
influence of water absorption on the tensile properties is
investigated.

2 Experimental

2.1 Material

The natural fibre used in this experiment are jute, ramie and
roselle (as displayed in Fig. 1) in the form of 1/1 plain woven
with a density of 1.30 g/cm3, 1.44 g/cm3 and 1.38 g/cm3

respectively. The woven jute, ramie and roselle were supplied
by Tazdiq Engineering Sdn. Bhd., Kuala Lumpur.

The UPE grade Reversol P9509 resin was selected as the
matrix polymer. From the information provided by the suppli-
er, the UPE has a density of about 1000–1500 kg/m3. Methyl
ethyl ketone peroxide (MEKPO) grade of Butonox-M50 was
used as a hardener. The UPE resin andMEKPOwere supplied
by Impian Z enterprise, Kuala Lumpur.

2.2 Composite fabrication

The composite was fabricated using the hand lay-up method.
The dimensions of the mould size that were utilised were
about 300 mm (width)× 300 mm (length) × 3 mm (thickness).
The bee wax was applied on the top, middle and bottom of the
mould to ensure the composite plate could be removed quick-
ly after the curing process is done. All thirteen [17] samples
were prepared according to the formulation as shown in
Table 1. The UPE resin was mixed with 1% MEKPO and
was continuously stirred for about 3 min. Next, the mixed
UPE resin was poured into the surface of the fibre. The roller
was applied to make sure the resin was spread evenly on the
surface of the woven fabric and to remove entrapped air. This
process was repeated until the desired number of layers was
obtained. All of the fabrics were arranged in the direction of
0°. From the label of the formulation, the first letter represents
the top fabric placement; meanwhile, the last letter is the bot-
tom placement. Finally, the weight of about 60 kg was placed
on top of the mould and left for curing in the ambient temper-
ature for 5–8-h duration. The composite plate was cut into
respective dimensions as required by the standard.

2.3 Density and void content of the composite

The density of the laminated composite was measured accord-
ing to the ASTM 1895. Seven of the replicated samples were
measured to obtain the mass using the analytical balance. The
volume was measured by using the Vernier calliper.
Equation (1) applied to measure the density.

Density g=cm3
� � ¼ mass

volume
ð1Þ

The void content of the composite was determined accord-
ing to the ASTM D2734 09. The determining of the void
content helps to distinguish the difference between theoretical
and experimental of the composite plate. The following
Eq. (2) was applied to the obtained percentage of void content
in the composite sample.

Vv ¼ 100−M d
V r

dr
þ V f

d f

� �
ð2Þ

where V is the volume or weight fraction, Md is the measured
density from the experimental and d is the density. The sub-
scripts randf each represent resin and fibre.
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2.4 Water absorption and thickness swelling testing

The water absorption test was performed as referred to the
ASTM D570-98. Distilled water was used to immerse the
composite samples in the ambient temperature. The composite
sample was then placed in the oven for a minimum of 2 h at a
temperature of 80 °C [5, 21]. The weight of the composite
sample was measured after cooling using an electronic analyt-
ical balance. The composite sample was then immersed in
distilled water for up to 30 days. The composite sample was
periodically removed from the water for weight measurement
and immediately put back into the water. Before weighing the

samples using electronic analytic balance, water on the surface
of the samples was first wiped off. The calculation of water
absorption was obtained using the equation below:

Mass change; %ð Þ ¼ jW t−Wb

Wb
j*100 ð3Þ

From Eq. (3), Wt represents the water absorption at an
immersion time while Wb referred to the water absorption at
the baseline. The data obtained from the water absorption test
was used for further analysis to obtain the type of diffusion
mechanism for the water absorption, diffusion coefficient, and
sorption coefficient described as in Eqs. (4)–(6):

log
W t

W∞

� �
¼ log kð Þ þ nlog tð Þ ð4Þ

Diffusion coefficient Dð Þ ¼ π hmð Þ
4W∞

� �2
or D

¼ π
h

4W∞

� �2 W2−W1ffiffiffiffi
t2

p
−

ffiffiffiffi
t1

p
� �2

ð5Þ

Sorption coefficient Sð Þ ¼ W∞

W t
ð6Þ

W∞ in Eqs. (4)–(6) refers to the percentage of water uptake
at infinite time.Wt in Eq. (4) signifies the percentage of water
uptake at time t. In Eq. (4), the k and n each represent the
fraction between the sample and water in addition to its struc-
tural characteristics of the polymer network; meanwhile, n
refers to the transport mechanism. From Eq. (5), m is a slope
of a linear portion of the sorption curve and h refers to the
initial sample thickness in (mm).

The permeability coefficient is a value which refers to the
combined effect between the diffusion coefficient and the
sorption coefficient. The equation of the permeability coeffi-
cient is as shown in the following Eq. (7):

Permeability coefficient Pð Þ ¼ D� S ð7Þ

Fig. 1 Plain woven fabric of jute,
ramie and roselle

Table 1 Formulation for fabrication

Label for
the
composite
sample

The
weight
of
material
fibre
(jute) 1
(g)

The
weight of
material
fibre 2
(ramie/
roselle)
(g)

Total
weight
of the
fibre
(g)

Total
weight
of UPE
resin
(g)

The
total
weight
fraction
of the
fibre (w/
w)

The
weight
fraction
of the
UPE
resin (w/
w)

UPE 0.00 0.00 0.00 200.00 0.00 100.00

JJ 36.54 0.00 36.54 200.00 15.45 84.55

RR 0 45.63 45.63 200.00 18.58 81.42

SS 0 45.99 45.99 200.00 18.70 81.30

JR 20.34 25.56 45.90 200.00 18.67 81.33

JS 17.82 17.46 35.28 200.00 14.99 85.01

JJJ 70.11 0.00 70.11 200.00 25.96 74.04

RRR 0 65.07 65.07 200.00 24.55 75.45

SSS 0 58.05 58.05 200.00 22.50 77.50

JJR 49.68 15.84 65.52 200.00 24.68 75.32

JJS 41.94 24.12 66.06 200.00 24.83 75.17

JRJ 38.34 18.27 56.61 200.00 22.06 77.94

JSJ 37.89 15.84 53.73 200.00 21.18 78.82

JRR 23.04 45.72 68.76 200.00 25.58 74.42

JSS 18.81 44.73 63.54 200.00 24.11 75.89

RJR 20.16 40.95 61.11 200.00 23.40 76.60

SJS 25.29 39.96 65.25 200.00 24.6 75.40
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The thickness swelling test was performed to determine the
effect of water absorption on the dimensional changes of the
composite samples when immersed in water for a specific
duration of time. The thickness of the sample was measured
using Vernier callipers before and after the immersion. The
procedure of thickness swelling test was performed according
to the ASTM D 5229 method. Equation (8) represents the
equation for the thickness swelling test.

Thickness swelling; %ð Þ ¼ j T t−Tb

Tb
j*100 ð8Þ

where Tt is the thickness at immersion time while Tb is the
thickness before immersion time.

2.5 Tensile testing

In the paper, ASTM 3039 standard is followed for the tensile
testing with its sample dimension. The test was performed

using INSTRON 3369 universal testing machine with the
crosshead speed of 1 mm/min. To obtain the most accurate
result possible, each type of samples was tested seven times,
and the average results were recorded.

2.6 Flexural testing

Flexural tests were performed by implementing the method of
3 points bend according to ASTM D 790 standards using
Instron 3369 universal testing machine with the capacity of
5 kN and a crosshead speed of 1 mm/min. Eight samples were
tested for pure jute composite and pure ramie composite.
Then, eight samples were tested for each type of layering
sequence hybrid composite and the pure polyester, respective-
ly. The five most precise data from the eight data collected
were used to calculate the average value for each type of
composites.

Table 2 Measured density and
void content of the composite
sample

No. of sample Type of the composite sample Measured density (g/cm3) Void content (%)

1 UPE 1.095 0

2 JJ 1.101 3.43

3 RR 1.157 0.58

4 SS 1.115 3.56

5 JR 1.153 3.48

6 JS 1.101 3.72

7 JJJ 1.144 1.19

8 RRR 1.179 0.16

9 SSS 1.134 2.68

10 JJR 1.160 0.13

11 JJS 1.132 2.54

12 JRJ 1.150 0.48

13 JSJ 1.076 6.75

14 JRR 1.114 4.57

15 JSS 1.108 6.18

16 RJR 1.085 6.32

17 SJS 1.097 4.14

Fig. 2 Water absorption of 2
layers of woven fabric over
square root time (hours½)
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2.7 Charpy impact testing

The Charpy impact testing was conducted according to the
ASTM D6110-10. The sample has a notch in the centre of
the sample with a depth of 2.54 mm and an angle of 45°.
The notch was prepared with the unique milling tool.
Minimum seven (7) samples were prepared for each group
of the composite sample.

3 Results and discussion

3.1 Density and void content

The data of density and void content of the plate that was
obtained from the experiment are shown in Table 2. Void
content presented in Table 2 is designated for the difference
between the experimental and theoretical of the composite
samples. The density of the composite plate is dependent on
the content of the reinforcement and UPE. From the results
obtained from Table 2, the density between composite with
two layers and three layers is identical. The highest void con-
tent is obtained from a sample of JSJ (6.75%). The hybrid
composite contains woven jute, and roselle poor compatibility
resulted in higher void than woven jute and ramie hybrid

composite. In overall, the average of void content on the two
layers of the samples is at the minimum (2.95%) when com-
pared to the three layers of composite samples (3.19%). The
high content of fibre layers caused inefficient resin distribu-
tion reducing the resin-rich area in the composite. High void
content in the laminate composite also reflected the inade-
quate adhesion between fibre and matrix phase, which lead
to the poor performance of mechanical properties and promot-
ing crack initiation and growth. Besides that, void distribution
or void shape is an important parameter affecting the mechan-
ical performance of the laminate composite. Nonetheless, the
void distribution and void shape are unknown in the current
study.

3.2 Water absorption

The percentage of water absorption for all of the samples is as
illustrated in Fig. 2. The rate of water absorption varied and
depended on the duration of immerses. As determined from
Fig. 2, the water penetrated the composite sample abruptly in
the first weeks and then gradually slows when reaching the
third week of immersion. The water uptake reaches equilibri-
um between 28 and 30 days. Figures 3, 4 and 5 show the
plotted percentage of water absorption over the square root
time (hours).

Fig. 3 Water absorption of 3
layers of woven fabric for single
jute, ramie and hybrid jute-ramie
over square root time (hours½)

Fig. 4 Water absorption of 3
layers of woven fabric for single
jute, roselle and hybrid jute-
roselle over square root time
(hours½)
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As observed in Figs. 2, 3 and 4, many factors are linked to
the variations in the water absorption such as type of fibre, the
composition of polymer and fibre and layering arrangement.
By comparing the types of material, the water absorption is
higher for the sample which contained roselle fabric. The be-
haviour of woven roselle fabric composite could be related to
the higher cellulose and hemicellulose content in the compos-
ite. The higher content of cellulose and hemicellulose in the
roselle fabric means the percentage of hydroxyl (-OH) and
acetyl (C2H3O) group is higher, which is the principal contrib-
utors to moisture absorption.

Weight content which affects the water absorption could be
determined by comparing the two-layer samples with the
three-layer samples. The increase in the weight content and
layering size surges the water absorption. However, the differ-
ence in the void content likely altered the water percentage of

the sample [22]. Thus, the water which penetrated will fill up
the void rapidly until the space becomes limited [22]. The
location of the void content in the composite sample influ-
ences the percentage of water absorption. Thus, the porosity
lies on the edge of the composite sample likely filled with a
water molecule. The effect of layering sequence can be ob-
served on the 3-layer laminated composite. The percentage of
hybrid composite is almost similar regardless of the arrange-
ment of the fabric.

Table 3 shows the linear kinetic diffusion, value of n and
value of kmechanism for all of the samples. From the value of
n and k, water transport behaviour could be determined. There
are three (3) cases of water transport which is the Fickian
diffusion (cases I), non-Fickian diffusion and polymer
relaxation–controlled diffusion (cases II) [23]. Table 4 sum-
marises the water behaviour transport.

Fig. 5 Thickness swelling for the
two-layer composite and UPE
sample

Table 3 Linear equation, value of
n, value of k and R-square for the
composite sample

No. of sample Sample abbreviation Linear equation Value of n Value of k R-
square

1 UPE y = 0.1769x − 0.255 0.1769 0.556 0.9941

2 JJ y = 0.9368x − 1.3263 0.9368 0.047 0.9931

3 RR y = 0.9313x − 1.3168 0.9313 0.048 0.991

4 SS y = 0.8741x − 1.2244 0.8741 0.060 0.9812

5 JR y = 0.9836x − 1.3886 0.9836 0.041 0.9916

6 JS y = 0.9346x − 1.3136 0.9346 0.049 0.9855

7 JJJ y = 0.811x − 1.1314 0.811 0.074 0.9742

8 RRR y = 0.9264x − 1.293 0.9264 0.051 0.9693

9 SSS y = 1.1439x − 1.5952 1.1439 0.025 0.97

10 JJR y = 0.9442x − 1.3212 0.9442 0.048 0.9757

11 JJS y = 0.8841x − 1.2334 0.8841 0.058 0.9664

12 JRJ y = 0.9702x − 1.3541 0.9702 0.044 0.9741

13 JSJ y = 0.8944x − 1.2529 0.8944 0.056 0.9794

14 JRR y = 0.9299x − 1.3058 0.9299 0.049 0.9817

15 JSS y = 1.1511x − 1.6032 1.1511 0.025 0.9571

16 RJR y = 0.9144x − 1.2859 0.9144 0.052 0.9842

17 SJS y = 0.8105x − 1.1495 0.8105 0.071 0.9932
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The values of n obtained for all composite samples are
listed in Table 5. Most of the value of n that was obtained lies
between the range of 0.5 < n < 1. In some cases, the value of n
obtained is greater than 1 (n > 1). Therefore, the diffusion
mechanism of the produced composite sample follows the
non-Fickian diffusion and super case II transport. For the
non-Fickian diffusion, the diffusion and relaxation rates are
almost equal. Meanwhile, in the super case II, transport pen-
etrations of the water molecules are more significant than the
relaxation process. The anomalous behaviour of natural fibre
composite obtained in study is similar as reported by the other
researcher [24, 25]. Nevertheless, only pure UPE exhibits less
Fickian diffusion. The value of n for the UPE is lower than the
other composite samples, indicating that the addition of the

woven fabric limits the movement of water through the UPE
resin [26]. On the other hand, the value of k represents the
indication for interaction between water and materials [27].
The lower value of k demonstrates that the composite sample
has an excellent interaction with water.

Table 5 presents the value of the diffusion, sorption and
permeability that was obtained from the experiments. As de-
termined, the value for diffusion, sorption and permeability
obtained is inconsistent with each type of samples. The differ-
ent value could be explained via variation in the geometry of
the composite sample and free volume in the woven fabric. On
the overall, the values for the diffusion coefficient of the com-
posite with 3 layers are greater than the 2-layer composite.
Higher content of jute, ramie and roselle encourage made
the water penetrate easier in the composite due to the hydro-
philic nature. For pure UPE sample, the diffusion is slower
compared to the composite samples due to water molecule
hardly penetrate the crystalline region. The range value (1 ×
10−8-1 × 10−6) for the diffusion coefficient obtained in the
study is comparable to the previous research work [15, 16].
Based on Table 5, the composite sample contained sisal fibre
has higher permeability coefficient compared to other types of
composites.

3.3 Thickness swelling

The results of the thickness swelling are presented in Fig. 6, 7
and 8. On the overall, the effect of the thickness swelling is
less compared to the weight increment. Low thickness swell-
ing can be linked to the softening effect caused by water mol-
ecules that reduces the rigidity of the cellulose structure. The
composite samples expand in the direction of vertical and
horizontal when immersed in water.

The thickness swelling is varied on the layering size,
layering sequence and type of materials. Among all of
the factors, it seems that the type of materials affects the
thickness swelling the most. As observed from the result
obtained, the thickness swelling is more dominant on the
composite sample containing roselle fabric. From Fig. 6,
the thickness swelling of the SS composite is the highest
compared to the other two layers of composite sample. A

Table 4 Water transport
behaviour Type of water transport

behaviour
Slope Time

dependence
Composite sample

Less Fickian diffusion n < 0.5 t1/2 –

Fickian diffusion n = 0.5 t1/2 –

Non-Fickian (anomalous
diffusion)

0.5 < n < 1 tn-1 JJ, RR,SS, JR,JS, JJJ, RRR,JJR,JJS, JRJ, JSJ,
JRR, JSS, RJR, SJS

Case II transport n = 1 Time
indepen-
dent

–

Super case II transport n > 1 tn-1 SSS

Table 5 Diffusion coefficient, sorption coefficient and permeability
coefficient for a single and hybrid composite sample of woven jute,
ramie and roselle

Sample Diffusion
coefficient
(mm2/
s × 10−8)

Sorption
coefficient
(g/g)

Permeability
coefficient
(mm2/
s × 10−8)

Percentage
of
absorption
saturation
point (%)

Void
content
(%)

UPE 4.69 1.25 5.84 0.81 0

JJ 144 4.82 693 3.23 3.43

RR 134 4.74 636 2.75 0.58

SS 202 4.45 897 3.65 3.56

JR 123 5.30 654 3.02 3.48

JS 221 4.89 1080 3.42 3.72

JJJ 226 3.98 902 4.221 1.19

RRR 272 4.94 1340 3.51 0.16

SSS 272 7.16 1950 5.37 2.68

JJR 372 5.09 1890 4.02 0.13

JJS 415 4.61 1920 4.43 2.84

JRJ 304 5.26 1600 4.1 0.48

JSJ 229 4.65 1070 4.58 6.75

JRR 283 7.45 2110 3.87 4.62

JSS 237 4.79 1140 5.29 6.28

RJR 154 3.89 597 3.69 6.65

SJS 286 4.96 1420 4.94 4.69
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similar pattern is experiential from the three layers of com-
posite sample. There are substantial differences between
the value of thickness swelling of the SSS compared to
the single type composite of jute, ramie and hybrid jute-
ramie. The typical thickness swelling of jute and ramie
sample for two layers and three layers lies between 0.3
and 0.4%. The composite with a high weight content of
the jute fabric yields lower thickness swelling. On the other
cases, the dimension of the UPE sample remains un-
changed throughout the experiment. The UPE resin is
highly resistant to the water due to its hydrophobic nature.

3.4 Tensile properties

Figure 8 shows the bar chart for the tensile strength and tensile
modulus for all of the samples. As observed from Fig. 8, the
tensile strength of UPE strongly increased by the addition of
the fabric woven of the jute, ramie and roselle. The two-layer
woven fabric of jute, ramie and roselle improved the UPE to
about 12–36% for tensile strength and 90–135%. Besides that,
the three-layer composite roughly improves the tensile
strength and tensile modulus of about 20–40% and 80–
112%. Tensile strength and tensile modulus of the composite
sample are dependent on the waviness or yarn crimp. In the

composites sample, the crimped fibre in the woven fabric of
jute, ramie and roselle tends to straighten out when the tensile
load applied resulted in greater tensile properties. In both cases
of different layering sizes, the woven jute sample produces the
highest tensile strength when compared to woven ramie and
roselle sample. In terms of tensile modulus, the woven ramie
samples are less stiff than samples made by woven jute and
ramie.

As determined in the experiment, the effects of
hybridisation on the tensile strength and tensile modulus on
the composite samples are at the minimal. The similar points
were addressed in previous research work as shown by [28].
The hybrid jute-ramie and jute-roselle composites produce the
tensile strength and modulus between those of pure jute, ramie
and roselle composite. The effect of the stacking sequence on
the hybrid composite is not significant because all the com-
posites under tensile loading experience the comparable
strain. Therefore, the tensile strength will mainly be affected
by the fabric strength, modulus and fibre orientation, weight
of volume content and interfacial adhesion [28, 29]. The
values of the tensile strength of the samples are directly pro-
portional to the content of the fabric with higher strength. The
result of the experiment is homogeneous with results obtained
from previous work [30, 31].

Fig. 6 Thickness swelling for the
three layers of single and hybrid
for jute and ramie

Fig. 7 Thickness swelling for the
three layers of single and hybrid
for jute and roselle
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3.5 Flexural properties

The mean flexural strength and flexural modulus obtained
from the experiment are presented in Fig. 9. Similar patterns
as tensile strength and tensile modulus were observed for the
flexural strength and flexural modulus. Most of the samples
recovered the flexural strength of UPE up to 24–40% and 38–
55% for the flexural modulus. The performance of the flexural
strength of the sample varies depending on the layering size,
layering sequence, type of woven fabric and thickness of the
sample.

The increase of the layering size gives a significant ef-
fect on both the flexural strength and the flexural modulus
of the samples. All of the flexural strength and flexural
modulus have a linear relationship with the increment of
the layering sizes. Thus, increasing the number of layering
size improved the flexural properties of the composite. The
results obtained are analogous to many findings found
from previous works [32, 33]. As observed in the result,
the value of flexural strength for the two-layer composite is
about 26.22–29.18 MPa, meanwhile for the three-layer
composite 28.18–32.90 MPa. The increase of the layering
size roughly improves the flexural strength to about 7–

12%. The increase of the flexural strength indicates the
ability of the sample to resist bending. The layering sizes
also result in good effects on the stiffness of its counter-
part. The sample becomes more flexible as the flexural
modulus increases to about 4–19%. The value of the flex-
ural strength for the hybrid composite displayed showed
not much difference from the monolithic composite.
However, the hybrid of the jute-ramie composite is better
than the hybrid of jute-roselle in both cases for the two-
layer and also three-layer composites. In the study, the
effect of layering sequence in the hybrid composite is con-
firmed for strongly affected flexural strength and modulus
as shown in the previous research work [34, 35]. As
highlighted by the researcher, the flexural strength of the
composite is controlled by the extreme layers of the rein-
forcement [34, 35]. Therefore, the woven fabric with
higher strength like jute and ramie yields higher flexural
strength when placed on the top.

3.6 Impact properties

Figure 10 shows the results obtained from the Charpy impact
testing of the composite samples. The addition of the woven
fabric of the jute, ramie and roselle recovered the impact
strength of the pure UPE resin. Most of the samples showed
improvement to the impact of the strength of the pure UPE
resin for about 160 to 225%. The samples of the JSJ (75.4 KJ/
m2) yield the highest for the impact on strength. The increase
of the impact strength for the composite sample is due to the
role of woven fabric jute, ramie and roselle as a stress trans-
ferring medium and preventing a crack formation. Also, the
interlocking structures in the woven fabric provide a higher
resistance to the impact stress.

The layering size critically altered the Charpy impact
strength. Also, as determined in the study, the thicker (3
layers) composite sample will give better impact resistance

Fig. 8 Tensile strength and tensile modulus of the sample

Fig. 9 Flexural strength and flexural modulus of the sample

Fig. 10 Impact strength of the composite sample
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and distribute-redistribute better load compared to the thin-
ner (2 layers) composite sample. Effect of layering se-
quence on the composite sample is also determined in the
study. On overall, the hybrid composite sample improved
impact damage resistance than the monolithic composite
sample. As determined, the hybrid jute-roselle performed
better when compared to the hybrid jute-ramie composite.
The woven jute-roselle aided in lowering the possibility of
the overall failure and at the same time expanded the im-
pact damage of resistance. On the overall, since the direc-
tion of the blow is from the side, the location of the woven
fabric does not much influence the performance of impact
strength.

3.7 Effect of water absorption on the tensile
properties

Figures 11 and 12 show the results for the tensile strength and
tensile modulus for single and hybrid composite reinforced
with polyester under dry and wet conditions. Most of the
previous research shows that tensile strength deteriorated
when exposed to excessive moisture [22, 36]. Therefore, the
results obtained from the study are coherent as previous work.

In the initial phase (1–7 days), the tensile strength for all
composite sample drops about 1–15%. After 28 days, the
tensile strength of all of the composite samples drops as much
as 12 to 27%. Most of the composite experienced greater loss
of average tensile strength values of the first and second
weeks. On the other hand, the tensile modulus for two-layer
samples was reduced to about 5–15% after 7 days of water
immersion and kept reducing until it reached 15–32% on the
28th day. Nevertheless, the tensile modulus reduces drastically
for the three-layer composite, especially for the first 7 days (9–
20%). The higher percentage is dropped for a higher number
of layering size of fabric woven composite samples.
Reduction of tensile modulus is shown that the composite
sample is becoming softer and ductile primarily due to
plasticisation effect which increased strain.

The pure UPE resin samples are unaffected when exposed
to excessive moisture. UPE resins effectively reduce the pen-
etration of water into the interface through the surface. The
percentage drop of the tensile properties for the entire com-
posite sample can be related to the percentage of water absorp-
tion. Among all of the composite samples, the single sisal with
three-layer composite and highest moisture absorption suffers
the most tensile property drops. Furthermore, the relationship
between the moisture absorption and tensile properties is also

Fig. 11 Effect of the water
absorption on the tensile strength
of the sample

Fig. 12 Effect of water
absorption on the tensile modulus
of the sample
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obvious on the hybrid composite sample of JSS. The compos-
ite sample with a higher content of roselle is more vulnerable
to moisture attack. Thus, the roselle fabric possesses low re-
sistance to moisture than the woven fabric of jute and ramie.

The tensile properties for all the samples were rapidly
weakened when immersed in distilled water primarily due to
the reduction on fibre/matrix interfacial in the composites. The
water molecule which enters the composite via crack and void
caused degradation of the bonding between the fibre and ma-
trix phase through the hydrolysis reaction of unsaturated
groups within the resin [37]. The water molecule is also pro-
ducing a crack in the polymer matrix causing disruptions for
load transfer from matrix to fibre in the composites.

4 Conclusion

This experiment focuses on the influence of water absorption
on the mechanical properties (tensile, flexural properties and
impact) of single and hybrid woven composite reinforced with
UPE resin. The key finding in the experiment is described as
follow:

(1) Immersion of the composite samples does alter weight
and thickness, especially in the initial phase of immer-
sion (1–7 days).

(2) Single jute fibre composite is superior in the tensile
strength and impact strength properties for 2- and 3-
layer composites.

(3) The layering size changes the value of mechanical prop-
erties. The mechanical properties improved for an addi-
tional layering size.

(4) The hybrid of the jute-ramie greater in the tensile and
flexural properties. Meanwhile, the jute-roselle is superi-
or in terms of impact properties.

(5) The weight content and type of fabric are the dominance
properties that influence the mechanical properties.

(6) The effects of stacking sequence are only significant for
the flexural properties but are less sensitive for the tensile
and impact. For the flexural properties, the hybrid com-
posite with the fabric shows a higher strength at the sur-
face and performs better.

(7) The water absorption has an adverse effect on the tensile
properties. The tensile strength and tensile modulus suf-
fer the loss of strength and flexibility greatly when it is
immersed in distilled water. The void content influences
the performance of the tensile properties.

Lastly, it can be concluded that the woven jute, ramie and
roselle are excellent reinforcements for UPE resin. The me-
chanical properties for monolithic and hybrid composites for
jute, ramie and roselle are acceptable and suitable for high-
load bearing applications. Nevertheless, further investigation

should be conducted especially in terms of dispersion and
fibre/matrix adhesion via SEM observation. The implementa-
tion of additive in polymer matrix composite and surface treat-
ment for natural fibre reinforcement is required to improve the
mechanical properties and resistance to moisture for the sam-
ples results of this study indicates that the mechanical proper-
ties of the composite reinforced by silk fibre are interesting
and they are few affected by the orientation of fibres.
Moreover, the silk fibres have better interaction with the ma-
trix and better wetting.

Funding information The authors received support from the Faculty of
Mechanical Engineering and Engineering Automotive Centre, Universiti
Malaysia Pahang, through the facility, equipment and financial through
internal research grant of RDU180335.

References

1. Hao M, Hu Y, Wang B, Liu S (2017) Mechanical behavior of
natural fiber-based isogrid lattice cylinder. Compos Struct 176:
117–123

2. Kılınç AÇ, Durmuşkahya C, Seydibeyoğlu MÖ (2017) Natural
fibers. Elsevier, Amsterdam, pp 209–235

3. Shah AUR, Prabhakar M, Song J-I (2017) Current advances in the
fire retardancy of natural fiber and bio-based composites–A review.
Int J Pr Eng Man GT 4(2):247–262

4. Jaafar J, Siregar JP, Oumer AN, HamdanMHM, Tezara C, Salit MS
(2018) Experimental investigation on performance of short pineap-
ple leaf fiber reinforced tapioca biopolymer composites.
BioResources 13(3):6341–6355

5. Siregar JP, Jaafar J, Cionita T, Jie CC, Bachtiar D, Rejab MRM,
Asmara YP (2019) The effect of maleic anhydride polyethylene on
mechanical properties of pineapple leaf fibre reinforced polylactic
acid composites. Int J Pr Eng Man GT 6(1):110–112

6. Mohammed L, Ansari MN, Pua G, Jawaid M, Islam MS (2015) A
review on natural fiber reinforced polymer composite and its appli-
cations. Int J Polym Sci 2015:1–15

7. Holbery J, Houston D (2006) Natural-fiber-reinforced polymer
composites in automotive applications. JOM 58(11):80–86

8. Mastura M, Sapuan S, Mansor M, Nuraini A (2018) Materials
selection of thermoplastic matrices for ‘green’natural fibre compos-
ites for automotive anti-roll bar with particular emphasis on the
environment. Int. J. Pr. Eng. Man.-GT 5(1):111–119

9. Sanjay M, Arpitha G, Naik LL, Gopalakrishna K, Yogesha B
(2016) Applications of natural fibers and its composites: an over-
view. Nat Res 7(03):108–114

10. Jaafar J, Siregar JP, Mohd Salleh S, Hamdan MH, Cionita T,
Rihayat T (2019) Important considerations in manufacturing of
natural fiber composites: a review. Int J Pr Eng Man GT. https://
doi.org/10.1007/s40684-019-00097-2

11. Puglia D, Biagiotti J, Kenny J (2005) A review on natural fibre-
based composites—part II: application of natural reinforcements in
composite materials for automotive industry. J Nat Fibers 1(3):23–
65

12. Alamri H, Low IM (2012) Effect of water absorption on the me-
chanical properties of n-SiC filled recycled cellulose fibre rein-
forced epoxy eco-nanocomposites. Polym Test 31(6):810–818

13. Penjumras P, Rahman RA, Talib RA, Abdan K (2015) Mechanical
properties and water absorption behaviour of durian rind cellulose
reinforced poly (lactic acid) biocomposites. IJASEIT 5(5):343–349

Int J Adv Manuf Technol (2019) 104:1075–1086 1085

https://doi.org/10.1007/s40684-019-00097-2
https://doi.org/10.1007/s40684-019-00097-2


14. WangW, Sain M, Cooper P (2006) Study of moisture absorption in
natural fiber plastic composites. Compos Sci Technol 66(3–4):379–
386

15. Gupta M, Srivastava R (2016) Mechanical, thermal and water ab-
sorption properties of hybrid sisal/jute fiber reinforced polymer
composite. Indian J Eng Mater Sci 23:231–238

16. Misnon MI, Islam MM, Epaarachchi JA, Wang H, Lau K-t (2016)
Woven hemp fabric reinforced vinyl ester composite: effect of water
absorption on the mechanical properties degradation. IJASEAT
4(3):96–101

17. Deng H, Reynolds C, Cabrera N, Barkoula N-M, Alcock B, Peijs T
(2010) The water absorption behaviour of all-polypropylene com-
posites and its effect on mechanical properties. Compos Part B
41(4):268–275

18. Sreekumar P (2009) Water absorption and ageing behaviour of
natural fiber composites, Archives Contemporaines, Paris, 446–472

19. Lima Sobrinho L, Ferreira M, Bastian FL (2009) The effects of
water absorption on an ester vinyl resin system. Mater Res 12(3):
353–361

20. Mariatti M, Jannah M, Abu Bakar A, Khalil HA (2008) Properties
of banana and pandanus woven fabric reinforced unsaturated poly-
ester composites. J Compos Mater 42(9):931–941

21. Jamiluddin J, Siregar JP, Sulaiman A, Jalal KAA, Tezara C (2016)
Study on properties of tapioca resin polymer. Int J Auto Mech Eng
13(1):3178–3189

22. Pandian A, Vairavan M, Jebbas Thangaiah WJ, Uthayakumar M
(2014) Effect of moisture absorption behavior on mechanical prop-
erties of basalt fibre reinforced polymer matrix composites. J
Compos 2014:1–8

23. Srubar WV III, Frank CW, Billington SL (2012) Modeling the
kinet ics of water transport and hydroexpansion in a
lignocellulose-reinforced bacterial copolyester. Polymer 53(11):
2152–2161

24. Gassan J, Mildner I, Bledzki A (1999) Influence of fiber structure
modification on the mechanical properties of flax fiber-epoxy com-
posites. Mech Compos Mater 35(5):435–440

25. Joshi SV, Drzal L, Mohanty A. Arora S (2004) Are natural fiber
composites environmentally superior to glass fiber reinforced com-
posites?. Composite part A 35(3):371–376

26. Korkees F, Alston S. Arnold C (2018) Directional diffusion of
moisture into unidirectional carbon fiber/epoxy Composites:
Experiments and modeling, Polym Composite 39(S4): E2305–
E2315

27. Kittikorn T, Strömberg E, Ek M, Karlsson SJB (2013) Comparison
of water uptake as function of surface modification of empty fruit
bunch oil palm fibres in PP biocomposites. BioResources 8(2):
2998–3016

28. Ahmed KS, Vijayarangan S (2008) Tensile, flexural and interlam-
inar shear properties of woven jute and jute-glass fabric reinforced
polyester composites. J Mater Process Technol 207(1–3):330–335

29. Bagherpour S (2012) Fibre reinforced polyester composites.
InTech, London

30. Venkateshwaran N, Elaya Perumal AJF (2012) Mechanical and
water absorption properties of woven jute/banana hybrid compos-
ites. Fibre Polym 13(7):907–914

31. Jawaid M, Khalil HA, Bakar AAJMS (2011) Woven hybrid com-
posites: tensile and flexural properties of oil palm-woven jute fibres
based epoxy composites. Mater Sci Eng A 528(15):5190–5195

32. Achukwu E, Dauda B, Ishiaku U (2015) Effects of fabric pattern on
the mechanical properties of cotton fabric/unsaturated polyester
composites. Br J Appl Sci Technol 11(4):1–11

33. Ismail AE, Aziz CA, Aswadi M (2015) Tensile strength of woven
yarn kenaf fiber reinforced polyester composites. JMES 9:1695–
1704

34. Samivel P, Babu ARJIJ o ME, Research R (2013) Mechanical be-
havior of stacking sequence in kenaf and banana fiber reinforced-
polyester laminate. IJMERR 10:2

35. Hamdan A, Mustapha F, Ahmad K,Mohd Rafie A, IshakM, Ismail
AJIJ o PS (2016) The effect of customized woven and stacked layer
orientation on tensile and flexural properties of woven kenaf fibre
reinforced epoxy composites. Int J Polym Sci 2016

36. Rashdi A, Sapuan S, Ahmad M, Khalina AJIJ o M, Engineering M
(2010) Combined effects of water absorption due to water immer-
sion, soil buried and natural weather on mechanical properties of
Kenaf fibre unsaturated polyester composites (KFUPC). IJMME
5(1):11–17

37. Tezara C, Siregar JP, Lim H, Fauzi F, Yazdi MH, Moey L et al
(2016) Factors that affect the mechanical properties of kenaf fiber
reinforced polymer: A review. JMES 10(2):2159–2175

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

1086 Int J Adv Manuf Technol (2019) 104:1075–1086


	Water absorption behaviour on the mechanical properties of woven hybrid reinforced polyester composites
	Abstract
	Introduction
	Experimental
	Material
	Composite fabrication
	Density and void content of the composite
	Water absorption and thickness swelling testing
	Tensile testing
	Flexural testing
	Charpy impact testing

	Results and discussion
	Density and void content
	Water absorption
	Thickness swelling
	Tensile properties
	Flexural properties
	Impact properties
	Effect of water absorption on the tensile properties

	Conclusion
	References


